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>> * * • 

" * ' *- 

T^ii* ^•POf'*' the research carried out under!. 

bi»ntr.frt'^#N-J^0lW7-C-0225, All of the jtudies reported^ here / 
. h.v. been described in previous technical reports W publ idatibns.. 
^ The purpose of this docuH^nt is to suHHarize the results and to 

provide » reference for specific sources* • ' 

BACKGROUND - ♦ . . . , 

Dorinq the 1970's, a number of psy/hologxsts began to r^ate 
the ability concepts derived f ro«. pst,cho«etr ic testing to the 
process concepts developed by cognitive psychologists. In this 
^ laboratory/ we adapted a nyHber of experiHental tasks to yield, 
individual Measures of "the speed and accuracy of various, cogn/tive 
processes (Hunt, 197«a; Hunt, Frost, & Lunneborg, 1973; Hu^t,' 
Lunneb^rg; « Lewis, 1975). Thes^ Measures were correlated with 
standardizec( Measures of academic ability. Modest correlations 
^ were found between a number of process arti ability Measures. Most 
notably, a relationship was found between verbal abilit^ and speed" 
of access to inforH.tion in iong-terw He«ory. This finding has 
been rfepljcated by a nu«ber tff other investigators (Goldberg, ' ^ 
Schwartz, « Stewart, 1977/ Jackson .« McClelland, 1979| Jackson, 
-1980 J Keating « Bobbitt, 1978). Our^-work on the relationship ^ ' 
between cognitive processes 'and verbal ability i^ su««arized in 
Technical report #4 (Hunt, 1978b). ^ ' 

■ 

. The Hajor thrust of the effort to relate cognitive and 
Psychonetl^neasures has beer, .to, analyze co«ple« p;ycho«etf*c 
abilities in t^r«s of simpler and better understood co^niti^e 
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processes. For sksnplet the typic.er psychoHetric HeesurVs of 

f ' ■ - * ' . • - / ' ' 

''verbal ability" conbines scores on vocabuldry» reading 

coHprehmnwionf gfi6 several other subtests* Me 4^anted to discover 

the extent to whjich speed and accuracy of variou^ simple*' " 

mechanistic cogniti<^ processes was related to performance on 

ability measures ♦ Such an appro.ach complements, attempts to 

-analyze complex task performance by breaking the tasks themselvei/ 

into discrete stages (Steroberg^ 1980K 

ONR Contract •N-00014-77-C-0225 extended the idea that 
individual variation in' complex cognitive processes could be 
explained in terms of variability in simple components of those 
processes* Previously we had asked whether the speed and acuracy^ 
of sinple processes would predict ability scores. In tilis 
research f we asked whether the effort required by the sinple tasks 
would predict performance on the more complex tasks # In many 
casesf complex intellectual t^sks require^ that a person do two or 
more things at once* * For example^ mental arithmetic .requires a 
person to hold partial results in memoT*y wh'ile. computing later 
results* If the person^s total cental capacity is required to 
hold partial results in memory^ then 1 ittle^capacity will be 
available to make further calculations* In tf>is case^ neither 
speed nor accuracy of the separate memory and computations 
proeesses would be sufficient to predicft performance on the 
complex mental computation task* ^ Some measure' of the effort • 
required by the component tasks would also be required* 

The idea of ''mental effort' is closely related to the notion 
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that it is difficult^io attend to several things at once. A 
concep1«jall> siwple nodel of attention 'as the expenditure of ^ 
Mental capacity was pyt forward by Moray (1967), and later by 
Kahnewa^ (1973), and extended by others (Navon. « Gopher, 1979^ 
Morgan & Bobrow, 1975). According to KahneMan, all «ental 
processes draw frow a single P90I of wental resources, called 
'attentional capacity.' Two siwultaneously performed wental tasks 
interfere with one another if their combined ^ttentional demands 
exceed the person's total attentional capacity. Me will refer to 
this as the 'generil resource Model' of attention. - Iri our 
research,, we have applied the general resource «bdeI>to the fietd\j 
of individual differences. Suppose that people vary in their 
characteristic level of attentional capacity or^ in the efficiency 
with whifch they perform specific tasks. To What extent will this 
deternine their relative perfornance on various cognitive tasks? 

The idea that attentional factors Might be a source of 
individual diffsrerfces led us, to propose two lines of research. 
In the first, we asked whether perfpr«ance on thte two bonponent 
tasks perforne^d separately would Predict perfor«jBnce on the sane 
two 'tasks perfor«ed si«ultaneously, end furthep, whether 
perfornance in t^vepdual-task situation woyld be'rtore highly 
related to complex cognitive ability «easur'es than perfor«ance on 
the coMponents. In th* second line of research, we tested i^hat we 

have called the 'easy^to-hard pred.iction^ hypothesis. According > 

' • '. 

to this hypothesis, perfor(?ince on a secondary task" executed 

durina the easy version of a complex primary tasks should predict 
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P»rfor«»nc« on • harder version of the sane priMars task. 
I 



Single ani^ dual task measures as predictors of verbal ability 

JwO or our fi^rst stu<^3 of individual differences in 
attentional factors developed froH an earlier interest in 
predicting verbal ability. Me r^asone-d that Hany complex verbal, 
tasks 'require thai^ people hold verbal information in «e«ora while 
encoding and Manipulating new information. Fon example, the noun 
Phrase of a sentence must be held in. memory while the verb is 
encoded and processed. Each paragraph of an essay must be 
interpreted in light of the information retained from earlier 
paragraphs. ' Thus it seemed that a) both linguistic processing the 
verbal short-term memory should be important in predicting verbal 
abilitaJ and b) the ability to carry out both functions 
simultaneously' mi«ht be more important' than the ability to carry^ 
them out in isolation. 

. We tested these, hypotheses in two experiments. The^ are 
described in Technical Report #2 (Lansman, 1978). In these 
experiments, subjects were asked to perform two.tasksJ a rote 
repall task and a sentence verification task. In the dual task 
conditions, a list of items was presented / and while these items 
were being retailed in memory, the subject was asked to respond 
'true' or 'false' to a series of sentence verification items 
<a.g., "Plus. is. above .tar. t ")i Finally, the memory items were 
recalled, the single. task conditions, the recall and sentence 
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. verification tasks ^ere perf6r«ed separately. We reasoned that if 
subjects differed either in their total attentional capacity or in • 
'the efficiency with which they performed either" recall or sentence 
verification task^, then these differe;?fces would be. reflected' iT, 
dual but not Single task performance. In that case, dual and 
single task measures would be iAperfectly correlated, and dual 
task «^.su^, HiQht.be Hore str.ongly related to cohpI^x measures 
of verbal- abil ity. 

In fact, single and dual task Measures, were quite highly 
correlated, and the pett'erns of 'correlltions between" the two types 
of tasks and the criterion ability measures were al«ost identical. 
The experiHents provided no evidence for an attenti.on-related • 

* t, 

'ti«e-sharing' factor. Single and dual task «easure» were iqOally 
accurate in predicting verbal ability, 

these studies indicated that a dual task conbinin^ rote 
-.«e«ory and linguistic processing does not improve prediction of 
^verbal ability over that provided by single-iask Measures. .There-, 
are several studies in the literature in which subjects were asked 
to perforV, a nu«ber of tasks both separately and in combination 
<e.g.»^nnings S Chiles, 1977; Sverko, , 1977) . These s.tudies 

Motivated by^the hypothesis tfat there is a general abi lit^^^tT^o" 

two things at once jind.that this .ability should manifest ^itself in 
dual task performance. In fact," no general t ime-sha^r f'actor 
emerged if, the analapis.of the correlations among dual antf i^irigle 
task meai^ures. Thus, our. result, were conijist^nt wl'th ''a number of 
other .tudies in. suggesting that there is no general t iiTe-sh.r ing ' 
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factor, and that in «any casas dual-iask perfor«ance ia quite well 

predicted by performance of component tasks « 

recent study by Dane«an and Carjoenter (1980) palls this 

^ohclusion into question* In their' study, Memory and verbal 

precessing tasks were cortbined^ in a slightly differejnt* wayJ 

» . . . 

Siibject* were asked to remember the final word in each of a series 

of fseatentes that they were reading for comprehensiqn« Thus, in* 

their dual task , .^memory and verbal processing tasks were 

integrated* Oaneman and Carpenter found a ver^ high cb!rrelation 

between mccurac^ of recall and reading ability* In corltrast, we 

and others (Lansman, 1978; Palmer, MacLeod, Hunt, ,& DavidsflPTT Note 

i; Per fetti & LesgoXd, 1977) have found virtually no relationship 

l:^etween ^ote memory and verbal ability, in the college population* 

If twPDaneman and Carpenter finding proves replicable, it ' 

suggests that verbal ability, qr at least reading ability, is 

related to the ability to combine memoi^y and verbal processing, 

but that the relationship is only evident whentthe^ memory and 

processing components are closely integrated* As the Oaneman and 

Carpenter study used a very small sample of highly selected 

people, replication of their results is clearly in order* 



FOCUSED AND DIVIDED ATTENTION 

In the research discussed so far, 'time-sharing' has beten 
used to refer to a subject's ability ^ divide attention between 
two co/ipeting tasks* Time7Sharing ability may also refer to the 
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ability to divide attention between two cohpeting-channels of 
/inforna'tion* Me investigated this ability using dichotic 
listening and visual-search tasks* If there is an ability to 
divide attention between two sources of ' infornationf then we would 
exp^dt perfQ.rnance' in a singje channel condition -to be an 
imperfect predictor of performance in a divf^e^ attention 
conjditions* Me might also expect the ability to divide attention 
be<tween the two ears to be related to the ability to divide 
attention between two visual locations* Our research on the *^ 
ability to divide~^ttention between two channels of information 
described in Technical Report #9 (Poltrock> Lan^man^ &Hunt> 
1980)* 

In a large study of individual differences i>=u-*f>e ability to 

divide(^and focus attention^ w^N^sked subjects to perform both 

dichotic listening and visual search tasks* In^'l^^th cases^ they — 

were isked to press a key when they hi^ard or saw one of a set of 

^target letters* For each modality^ there were tftree conditions) 

singl# (Channel (letters were presented to a single ear^or at a 

single location) f focused attention (letters were presented at two 

locations^ but all targets occurred in a single location)^ and 

divided attention (targets could occur at either of two 

% 

locations)* The dependent Measures were reactiim time and 
accuracy in detecting target letters* Althouqh reaction times 

I were considerably slower ''and responses less accurate in focused 
an<4 divided than in the single chahhel condition^ performance in 

^he three conditions was very highly correlated within modality* 

• 11 . 
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In other ,words, p»rforfiinc« In the single channel condition 
predicted perfor«ar\ce in the other two conditions aliiost 
perfectl«:f* The LISREL p^ogran for analysis of cov^riance ^ 
structures was used to Yit several Models to the data/ A nodel 
containing one factor fot* reaction ti«es to auditory stiiiuli and > 
Seconal factor for reaction tines to visual stliiuli prodded a very 
good fit* The visual and auditory factors were correylated with 
each other (r'* •61 )• No separate factors corresponding to the 
ability to^divide or focus attention were required to enplain the 
data*' , ^ . 

In sunmaryf the conclusions drawn froH the study of divided 
and focused attention were siHilrfr to the conclusions drawn froii 
the study of tiMe-sharing betwe^fn cow^etin^ tasks: There was no^ 
•vidvnc* thpt thm abillta to divide attention between two t»»k« ^ 
was »n iMPoftant source of individual differences in perfornance. 
,In both casesf perforHance in the single channel or single task\ 
condition predicted performance in the divided attention or dual 
ta*k situation alnost perfectly^ 

In developing the dichotic listening task^ it was pqssible to 
study an issue which^ though not directly concerned with * 
individual differences^ has sone interesting implications for 
attentional theory* frevious studies comparing. single channel and 
divided attention conditions in the auditory modality had commonly 
used what Schneider and Shiffrin (1977) have. called 'consistent 
mapping conditions^ ' which minimize demafidi on attentional 
capacity* Throuighout thrse experiments^ one set of stimuli were 
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jj^«l(i9nat»ci as tar^«ts »nd another «s. di^tractors^ It had baon 
/ound that accuracy is Kbout aqual in sin9le4<^^rinel and dividad ' 
* attantion conditioiffs as lon^. as two stimuli do not occur 
sinultanaousl«;j on tha two cha'hnala« (Saa^ ^o^BHfnple Ostr^it 
-p/t^TB^if 8i Harkft^ 1976*) Ha wondarad whethef this f'injdin^ was' 
' ra lat ad ,to the. raducad attentional danands of the consistent 
napplnq condition^ Accordip9l^» wa had subjects perforrt tha 

dichotic listening task under both consistent and varied napping 

' . • ' . , % * ' r . 

eonj^^tions^^ t The cbhsistent-var ied distinction proved to be as 

inportant in auditor*:^ target^etection as Schn^der and Shiffrin 

' had shown it to be. in visujil search* Reaction tine was nuch' 

faster and* accuracy higher under consisteYii capping conditions* 

Furthernore^ there was a nuch'sMaller nenor^ set size effect under 



consistent napping conditions » aod this effect decreased over 

ct; 



practice* These rf suits are repo||jj^ed in nere dmtiil in Technical 



Report #9 (Polti^ock^ Lansnan^ A Hunt» 1980) » and also in a report 
that i\ in publication <Poltrock» Lansnan»'& Hunt» in press)* 



EASy-TO-HARD PREDICTION 
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A najor part of our research on this contract has conci^rned 
whft we have called 'easy-to-hard prediction*' Like the research 
described above^ this technique involves exanination of individual 
dif^rereQces in dual-task perfornance* However.^ the rationale is 
sonewhiit ifeltVerent* Mhen two |^asks are perforned sinultaneousl^^ 



for' 



th««^- conpfft* for I sttsntional c»p»ci1ft. If one. of the tssKs.is 

designated •« 'print^^' and the other as 'secondar^^' then the 

I 
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^xnmr^ tisk should rac.ive top priority, in the a-llocation or 
r •sour c»«,#>d the sacondary task should receive what 'is left. ' 
Seco#lary task performance should therefore reflect spare capacity 
available during peVforwance of the primary task. We reasoned 

that spare capacity aval iable dui#ng. performance- of an easy 
•rimary task should be available for performance of a harder 
, ^/ersion of-'the same primary task. Thus performance tin a secondary 
. iask during an easy primary task should predict performance on a 

harder version cJf the sam#, primary task - the 'easy-to-hard 

prediction. ' . 

The rationale behintt the easy-to-hard prediction technic is 
derirve^more foi^maUy in Technical- Report #8 -(Hunt « LansHan, 
1980),. A revised version of this report is also to be publtshted 
' in a book edited by R. Sternberg (Hunt S Lansman, in press). In 
JJ|t paper, we assumdl that performance on an^^ task is a function 
of (two individual parameters: a structural Parameter specific ti^ 
.that particular task,' ahd-a resource parameter reflecting the \ 
amount of general attentional-rjdurces available to the task. Mil» 
showed thJf-performance of thJjpindary tas*.. during the easy \ 
primary would provide inf (^rmatiof> concerning the^esource 
parameter. that was unavailable from single task performance. 
Since the derivpyon wks don. in terms of classit information 
theory, it macle no assumptions concerning the form of the 
relationship between performance and resources available: 

The easy-to-Hard prediction technique has been tested ih 
••veral •>verimiints, which are described in Technical Reports #2 
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<L»n««ant *1978)# #4 <Hunt^ Lanartan^ & Wright^ 1979)# and *#7 
<Lana«an & Hunt, 1980) ♦ Ih sayaral of thaaa axparifiahta, tha 
pri-Har^ task was a continuous pairad associate learninQ task in 

Hhich subjects were asked to keep track of two to seven 

. ' ' ' ' - 

letter -nti^^ber pairs , while the secondary task required subjects vto 

. - _ - . ■ V 

respond as quickl«:( «s possible to a sinele probe stinulus* 

Ik 

Reaction ti«e to probes that occurred during an easy version of 
the paired associated prafiary task predicted perfor«ance' on a 
harder version of the^^paired associate task* In another 
experiment the primary task was a spatial memory td«k in ^hich 
subjects were asked to judge whether a spatial pattern was 
identical to a standard pattern and the secondary task again 
involved response to a probe stimulus* Jn this expeiviment, 
reaction time to the secondary probes did not signif icai|||^ 
improJW prediction of performance on the hard version of the 
prim'ary task* The differences ^between the paired associate arid 
the spatial memory tasks seemed to be that resource availability 
was the limiting factor in performance of tha paired associate but 
not the spatial memory tas|^* ^ 

Ttia easy-to-hard technique was also used in an experiment 
involving a slightly different paradigm, described^ more fully in 
Technical Reports *^ (Hui^, Lansman, A Wrights 1979) and (Hunt» 
1979)* (Raport^*8 has also baaW published in the British Journalr^ 
of Psychology (Hunt^ 1981) )♦ In this case# ,the primary task was 

the Raven Progressiva Matrix Test and the secondary task required 

» 

subjects to exert a constant pressure on a lever ♦ On thr Raven 
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T«st# ^Bph it»rt i« Hore difficult ^h»n t»)i» previous itert# 

Perfor«ance on the s^condsr^;} ijtring »n^^ given Raven ite« was 

found to provide information concerning which subjects were atjout 

to Make a Mistake on the Succeeding iten^ Interpreted within the 

general nrsogrce theor*^^ the r«jiults showed thft those subjects 

whose tol^al cBpm^xX^ was required by one problem (producing poor 

perfornaDce on the ^ secondary task) were likel«:) to fail to solve 

the succeeding ^ liore difficult problewf 
• * 
In earlier sections of this paper > we reported several 

experinents in whrch pi?rforrtance f-n dual-tasH condilioni^ was very 

accura'tely predicted by perforwance in single task conditions* 

Here we are arguing that' per^ori^ince of a sinple secondary^ task 

does indeed pfovide information unavailable from performance of 

the sin^lt^^task counterpart* How can this contradiction be. 

resolved? The issue .is. discussed in' Technical Report, #8 (Hunt & 

Lansnan^ 1980)#^ Performance on Most/coMplex task^ reflects both 

structural paraneters, and resource llrtitations'^ whether the tasks 

are performed in single or- dual-task conditions* If this is ^e 

case» then we would expect'' single and dual ^ task performance to be 

hXshly correlated since they ♦both ref lect the safie underlying 

parameters* However » some simple. tasks^ such as response to a 

' single , probe s^tinulusr ar# '^data-limited' under single task 

conc^itions« That is» performance of these tasks would not be 

improved if additional resources were aUocated to them* However 

under dual-task ^onditions^ these same tasks become 

resourcje-limitedl Perf ormari^1»^is ir^versely related to the amount 
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of rttmourc*m drawn off ba trte>ri«»ry task. In this cas«» 
P.rfor«.nc.. in th« »4n9lA-task conditions r^f^ec^^ only structural 
•P«r.«#t^rs specific to the task, whila sacondard ta»k parfornance 
raflacts both structural and "resource parameters. The result is 
that single and dual task performance are ndt highly correlated. 
Dual task perfor«anc» provides information concerning^ resources 
■vailable during the primary task.* This information can b.e used 
to >^dict performance on^ a harder version of the same primary, 
task. " , ■ V- 



A THEORY OF ATTENTION j 

JJe theoretical basis of thf easy-to-hard .technique was a 
Simple theory, of 'attention, in which all mental processes^re 
,,meen as drawing^ypori a gff».ral attentional resource. The strength 
»of such a theory lies^in its simplicity and^bility . to summCize a ' 
> vast amount of data on dual-task interference. Its weakness is 
the fact that 'atAentional capabity'^s a^strictly 'hypothetical 
construct, and is not tifd to any^other^hys'iajLogical or even 
titebretical entity. Implicit in the general resou^de theory is an 
■nall^gy between attentional resources and physic,./ energy sources . 
such as electricity or water- power. But while ninergy resources 
ere well-defined within theories of physics, attentional resources ^ 
ere defined only by analogy. 

During the contract P.riod. we have developed a more explicit 
^ model of attention, called the Production Activation Hodel. The 
theory is described in detail in a paper /by Hunt (in press;. It 
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is clos^l^ r«lat»d to nod»lft of thinking developed in the fields 
of cognitive science and 'artificial intelligence* However^ the 
Production Activation Model, goes beyond these theories in that it 
deals with the problem of^hoU the organise handles competing 
stimuli « Within the^nodel^ mental activity consists of the 
execution of a series of productions* These productions are 

0 

Stored in long-tern nenory* It is the function of a decision 
nechanisn to detefnine the order in which the pro'^uctions will be 
executed* ^ At an*^ given Monent» the external world and the 
contents of short-trfr« «e«ory for« a stimulus configuration* This 
configuration activates a number of productions* Whicti production 
wilf actually* be executecT'atapjfnds upon two things: a) the match 
ofvtbt stimulus configuration to th% ^^ettern^j^gj^^if^ed by the 
production^ and b> the baseline activation level of each of the 
productions* The baseline activation level of A^production is 
strongly influenced by the productions^^that have preceded it* The 
execution of one- production biases the system toward the execution 
of. certain other productions in such a way that a we 11 -^practiced 
task 'consists of a chain productions that is' usu^ll^*" executed 
as an unbroken sequence* Within this mod^l# structural 
interference results from competition for one of the effectors 
involved in the execution of productions^ Central interference 



results from compf^tion for access to the decision mechanism* 

.: 

Within th» Production Activation hodel» the decision 
«6<?h»nis« fills the role that 'general atterrtional, capacity' 
filled in the General Resource Model. Both^are strictly ' 
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th»or*tic»l concepts ♦ Th# diffaranc* is t^a^^t tK© function of tha 
^ decision nvohvnisn is «ore full-y spwcified within th» Pfoductidn 
Activation Modal, The Model thus allows us to forMulate «ore 
specific questions conderning dual task^interferente. These 
questions concern the role of . practice, task priorit^^, expectancy, 
,and several other variables* Our new coniract, 

♦N-4)0014-eo-C-063i, was for«ulated. within the franework provided 

S I 

by- -the Production Activation Hodelv* Under this contract, we have 
proposed two «ain linesf of research* He will a) develop a' 
coMPuter siMulation of the Production Activation hodel, and b>' 
e«piricaliy investigate sone the the questions raised by the 
Model. The e«pfrical investigation wi,ll*proCide data againft 
which to tmnt thm conputar sinulstion* 
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